This study assesses quantitatively the risk that other countries, in particular those within the European Union, have incurred by importing cattle from the United Kingdom during the period before or shortly after the ban on the import of live breeding stock was introduced in 1989. It does this by assessing the probability that animals imported from the UK in a certain year would have become a detected BSE case, had they not been exported. Using the annual incidence rates available for separate birth cohorts and a given culling rate, a cumulative incidence for each birth cohort was calculated. These figures were then combined with the numbers of live breeding cattle imported from the UK into the other countries of the EU, to give an import-related risk index for each country, assuming that their culling rates were similar to that in Great Britain. The countries could thus be categorised in terms of the number of cases of BSE they might have expected.
whole (Schreuder and Straub 1996) . This paper describes the results of a study to assess quantitatively the risk that individual countries which were members of the European Community in 1989 have incurred by the import of cattle from the UK during the period before or shortly after the introduction of the ban on the import of live breeding stock. It assesses the chances that animals imported from the UK in a certain year might have been infected with BSE in the UK, by calculating the chance of their having become a detected BSE case had they not been exported.
The study did not consider the risk from MBM imported from the UK, although epidemiological evidence, for example from Switzerland, suggests that this route could also be important.
Materials and methods
The first section discusses data from Great Britain only, whereas the next section, which deals with export statistics, relates to the UK as a whole.
Incidence ofBSE
The numbers of cases of BSE which occurred in Great Britain in each year from 1987 to 1996, by their year of birth, were obtained from the main BSE epidemiological database (Wilesmith and others 1992) , which covers Great Britain only. From these numbers, the annual incidence of BSE in dairy and beef suckler herds combined was calculated for each 12-month birth cohort (July to June inclusive) from July 1974 to June 1995, using the total adult cattle population in Great Britain, divided into birth cohorts on the basis of the age distribution in affected herds, as the denominator. For the total adult population, the year 1992, which was the mid-point of the epidemic, was considered to be representative of the period of interest because the total adult cattle population number (in 1992 slightly over four million) did not change substantially between 1989 and 1994.
The annual incidence data were subsequently regrouped by cross-tabulation (Table 2 ). The cumulative incidences of BSE during the commercial lifespan of the animals for each 12-month birth cohort were calculated by summing the individual annual incidences from 1987 to 1996 inclusive.
For the purpose of the study, the following assumptions, which entail certain simplifications, had to be made. First, it was assumed that the various incidence rates, as calculated for Great Britain, were representative of the UK as a whole. Secondly, it was assumed that the culling rates in the UK as a whole and in the other member states of the EU were similar to the culling rate in Great Britain. Thirdly, it was assumed that all BSE-infected cattle became infected in the first one-and-half to two years of their life, that is, before they were exported; this may look like a simplification, but modelling studies have indicated that most BSE cases will For dairy herds and beef herds considered separately (calculations not presented), the cumulative incidence peaks were 7-1 and 0 8 per cent, respectively, both in the same calving season as the peak for all herds.
An import risk index for the EU countries was calculated as described above, by combining the numbers of imports given in Table 3 with the cumulative incidence figures in Table 2 , using the cumulative incidence in the birth cohort before the year of import. The results are presented in It would have been interesting to include other countries, for example new member states like Austria, and countries outside the EU, but not all the relevant data on the import of cattle were readily available, at least not from EUROSTAT. From the MAFF data over the years 1985 through 1988, it is evident that countries like Austria, the former Soviet Union, Egypt, the Gulf States, Pakistan and certain South American countries imported cattle from the UK during the period when the risks were considerable.
The incidence rate
As suggested by the preliminary findings of this study, more cases of BSE were expected in animals exported from the UK into the other member states of the EU than have been identified (Schreuder and Straub 1996) . The present results also indicate that cases of BSE in these imported animals would have been expected to have been reported from more member states than was the case at the time of the analysis. Although the estimated numbers of cases for several countries were relatively small, it is evident that even these countries have incurred a real risk of importing animals which would develop BSE. The analysis did not involve estimating the probability that a country would not have imported an animal which would develop BSE, except in the case of the Netherlands, where this probability was less than 1 x 10-20. This calculation would have required a statistical analysis for each birth cohort imported by examining the minimum sample size needed to detect the disease, given the proportion of animals becoming affected. If this approach had been used there is no evidence that the results would have been different because of the numbers of animals imported. For example, assuming that the 213 animals imported into Denmark in 1988 represented a random sample, then this number would already have been sufficient to detect a cumulative incidence of 2 per cent with a 95 per cent confidence (Cannon and Roe 1982) . The expected incidence in this particular cohort was in fact much higher than 2 per cent, namely 4-7 per cent.
Although the results in terms of the ranking of the countries by their risk indices is in close agreement with the observed incidence, the precision of the estimates of the number of BSE cases is naturally affected by a number of potential biases.
First, as indicated above, it was not always possible to determine from the import statistics the use, and therefore the ultimate age at death, of some animals. There were, therefore, some categories of animals for which there was a possibility that they were retained for breeding, although the original reason for their importation would have resulted in them being slaughtered at an age before BSE was likely to occur.
Secondly, the average expected numbers are based on the incidence of BSE in both dairy herds and beef suckler herds. As the incidence in beef suckler herds is considerably less than in dairy herds, the average expected numbers are likely to be underestimates as exports in general were of dairy type. Furthermore, there is some evidence that the imported beef-breed animals carried a greater risk than their parent population in Great Britain. This is evident from the cases occurring in Germany and the case in Denmark for which not all of the natal herds have experienced BSE. The supposition is that animals identified for export receive supplementary feeding with concentrate rations and as a result their risk of infection is increased. There is likely to be a similarly increased risk for dairy breeds because the imported animals have been predominantly from pedigree herds which have had a higher risk of BSE occurring than commercial dairy herds, again because of the level of concentrate feeding (J. W. Wilesmith and J. B. M. Ryan, unpublished observations). It was impossible to identify the natal herds for the imported animals from the available data, but it seems likely that all of the estimates of the expected numbers of cases would be conservative.
A third factor which would have had an effect on the observed numbers of cases is the age-specific culling rate. The estimates were produced with no correction for age-specific culling, presuming that the age-specific culling rates in the other member states would be similar to that in Great Britain. Therefore, if the mean age to survival of the imported animals was greater than the mean for cows in Great Britain, for example because of their high value or the husbandry system used, then the expected numbers of cases would again be underestimates.
Conversely, countries with an effective identification and registration system in place could have used this in the early 1990s to their benefit, by carrying out selective culling of this group of high risk animals. A country like the Netherlands, which has an identification and registration system and keeps track of all imported animals (among other reasons in connection with its enzootic bovine leukosis-free status) was in this respect in an advantageous position.
The detection rate
The degree of surveillance in the importing member states is important in comparing the expected number of BSE cases with the number observed. There is no uniform method of surveillance for BSE throughout the EU member states, and it would be difficult to achieve practically. However, more important is the general awareness of BSE which would undoubtedly have been lower outside the UK, in the absence of a significant epidemic of BSE, at least before March 1996 when general awareness increased all over Europe. The identification of cases is hindered by the low within-herd incidence, resulting in singleton cases, and by the lack of knowledge and perception of the clinical signs of BSE. These signs are probably more subtle, particularly in the early stages, than is generally appreciated and confusion with metabolic diseases is undoubtedly a problem.
However, the objective of these analyses was not to expose the potential under-reporting of BSE or to criticise the degree of surveillance in member states of the EU. Rather, it was to highlight the evidence that BSE cases are likely to have occurred in the importing member states. This is important because the epidemiological evidence from the epidemic in Great Britain is that, whatever their origin, the majority of cases have occurred as a result of recycling infected cattle tissues via MBM others 1991, Wilesmith and Wells 1991) . The future risk of secondary cases occurring will not be the same in all EU countries. There are variations in feeding practices, the efficacy of rendering processes and the year when legislation was enacted to eliminate the feedbome risk (some countries in the EU imposed a feed ban for meat and bone meal only as late as 1994).
The results of this study should therefore be of assistance in assessing past risks from the importation of live animals into the member states concerned. They also provide information which is of value for the epidemiological study of Creutzfeldt-Jakob disease (CJD), particularly the new variant CJD, in member states of the EU in relation to the incidence of BSE.
